Sixteen exotic and indigenous cucumber genotypes (Cucumis sativus L.) were evaluated under early and late seasons planting. This was to characterize the cucumber genotypes based on their performance in the derived savannah of Southeast Nigeria agro-ecological zone and estimate character association and contribution towards total fruit yield per hectare. The vegetative traits, such as vine length, number of branches, number of leaves and leaf area were measured at 8 weeks after planting. The phonological traits measured were: days to flower initiation and days to 50% flowering. The reproductive traits like number of staminate flowers per plant, number of pistillate flowers per plant, fruit length, fruit girth, fruit weight per plant, number of fruits per plant, average fruit weight and total fruit yield per hectare were also recorded. Obtained data was subjected to analysis of variance in randomized complete block design and path analysis. The results showed a highly significant difference (p<0.01) among the genotypes in all the traits studied in both seasons. 'Beit Alpha' genotype gave the highest fruit yield/ha in early season planting, while in the late season, the highest yield producer was 'Ashely'. In both seasons, vine length, number of branches and leaves, leaf area, number of pistillate and staminate flowers/plant, number of fruit and fruit weight/plant showed positive and significant correlation with total fruit yield/ha. In both seasons, the highest positive direct effect on yield was recorded in fruit weight/plant. Significantly (p<0.05), the highest total fruit yield/ha was recorded in the early rainy season planting in this agro ecological zone. Based on high fruit yield, 'Beit Alpha' genotype for early season planting and 'Ashley' genotype for late season are recommended for cultivation in the Derived Savannah, Southeast Nigeria agro ecological zone.
Introduction
Cucumber (Cucumis sativus L.) belongs to the "gourd" family Cucurbitaceae. India had been proposed as the center of origin (Whitaker and Davis, 1996; Renner et al., 2007; Anonymous, 2012) . It is an important vegetable crop (Lower and Edwards, 1986; Thoa, 1998; Eifediyi and Remison, 2010) and had being in cultivation since 3,000 years ago (Wehner and Guner, 2004) . In Asia, it is the most cultivated vegetable after tomato, cabbage and onion (Tatlioglu, 1993; Wehner, 2007) , while in Western Europe, it is second only to tomato (Phu, 1997) . In tropical Africa, the crop has not been ranked probably because of insufficient yield and limited use (Eifediyi and Remison, 2009) .
The fruit has about 95% water content (Anonymous, 2012) which makes it diuretic, possessing a deep cleansing action due to the presence of some natural chemical constituents such as glycolic, lactic, and salicylic acids (Eneobong, 2001; Uzodike and Onuoha, 2009 ). The juice is a valuable medicinal food in the treatment of hyperacidity in gastric and duodenum ulcer, a good laxative for constipation (Ernestina, 2001 ). Most skin infections had been successfully treated with a cucumber extract, alpha hydroxyl acid (Swanbeck, 1968; Uzodike and Onuoha, 2009) .
Cucumber is grown widely in different parts of the world. It is an all year round out door vegetable in the tropics (Mingbao, 1991; Eifediyi and Remison, 2010) . Jizhe (1993) and Eifediyi and Remison (2009) opined that cucumber is a typical vegetable of warm temperate and cool tropical areas that can be cultivated at any time of the year. Many crop species have done well in yield in a particular season or location but have failed to perform likewise in some other environments. This suggests that both temporal and spatial environment affect crop yield. This may be due to some climatic or edaphic factors or both. A good understanding of this fact will help breeders to characterize these genotypes based on their performance in a given environment.
Correlation among traits and with yield is important in indirect selection of genotypes for yield improvement (Machikowa and Laosuwan, 2011) . Significant and positive correlation between two characters suggests that these characters can be improved simultaneously in a selection programme (Hayes et al., 1955; Nwofia et al., 2015) and selection for one will translate to selection and improvement of the other (Fayeun et al., 2012) . However, selection decision based on correlation coefficient alone may give a misleading impression as it only measures the degree of mutual association between two variables without regard to causation. This is because there is the risk of omitting some useful traits whose contributions through other traits might not be easily appreciated.
The success of any breeding programme depends greatly on the genetic diversity available in a population (Afangideh et al., 2005; Subramanian and Subbaraman, 2010) .The variation in the performance of cucumber varieties has been widely studied by many scholars (Manyvong, 1997; Ajisefinanni, 2004) but systematic work to characterize available genotypes based on their variability in Derived savannah agro ecological zone of Southeast Nigeria is scarce. It is against this background that this study was carried out to evaluate the performance of exotic and indigenous cucumber genotypes available in the Southeastern Nigeria agroecological zone and estimate character association and contribution towards total fruit yield/ha.
Materials and Methods
The experiment was carried out in the Department of Crop Science Research farm, Faculty of Agriculture, University of Nigeria, Nsukka. Nsukka is located on latitude 6°51 1 E, and longitude 7°29 1 N of 475 m above sea level, characterized by lowland humid condition with bimodal annual rainfall distribution that ranges from 1155 mm to 1955 mm, a mean annual temperature of 29 °C to 31 °C and relative humidity that ranges from 69% to 79% (Uguru et al., 2011) .
Sixteen cucumber genotypes ('Beit Alpha', 'Delilha', 'Zeina', 'Palmetto', 'Straight 8', 'Table green 72', 'Poinsett', 'Centriolo', 'Regal', 'Sumter', 'Ashely', 'Royal F1', 'MarketMore 76', 'W12757', 'Calypso', and 'Marketer' (Table 1) obtained from National Agricultural Extension, Research and Liaison Services (NAERLS), Ahmadu Bello University, Samaru Zaria, were used for the trial.
They were evaluated in early (May to July) and late (September to November) planting seasons of 2014 in a randomized complete block design with 3 replicates. Monthly rainfall distribution, relative humidity and temperature recorded during this period ( Table 2) .
The field was prepared and demarcated into 3 blocks. Poultry droppings at the rate of 10 metric tons per hectare were worked into the soil within each block. Each block measuring 3 m x 40 m contained sixteen plots (3 m x 2 m each) for each of the genotypes. Seeds were planted at the spacing of 0.5 m intra and 0.5 m inter rows to give a plant population of 40,000 stands per hectare. Two seeds were sown at the depth of 3 -4 cm and were thinned down to a seedling 3 weeks after emergence (WAE). NPK fertilizer in the ratio of 20:10:10 was applied at 2 and 5 WAE at the rate of 300 kg/ha after manual weeding in each case. Insecticide (Cypermethrin 110% EC sprayed at the rate of 125 ml in 15 litres of water) and fungicide (Maneb Mancozeb and zoxamide at the rate of 75 ml in 15 litres of water) were applied twice (2 and 4 WAE) to curtail insect attack and disease incidence on young plants.
The vegetative traits such as vine length, number of branches, number of leaves and leaf area were measured at 8 weeks after planting. The phonological and reproductive traits like days to flower initiation, days to 50% flowering, number of staminate flowers per plant, number of pistillate flowers per plant, fruit length, fruit girth, fruit weight per plant, number of fruits per plant, average fruit weight and total fruit yield per hectare were measured. 86 
Statistical analysis
The data collected were subjected to analysis of variance to show the level of variability among the cucumber genotypes. The significant means were separated using the F-LSD procedure (Obi, 2002) . Pearson correlation coefficient analysis was done using the computer statistical software package, SPSS version 16. The sets of correlation coefficients were subjected to path coefficient analysis and the direct and indirect effects were estimated according to the method of Dewey and Lu (1959) to show the relationships between traits and contribution towards total fruit yield/ha in cucumber genotypes.
Results
The result of the meteorological data (Table 2) showed that the highest rainfall (cm) was recorded in September in late season planting. However, early season showed even distribution of rainfall unlike in late season. Temperature (°C) and relative humidity (%) showed relatively uniform distribution in both seasons. The performance of cucumber genotypes with respect to some agronomic traits evaluated in 2014 early season planting is presented in Table 3 . The result showed a significant (p<0.05) variation among the genotypes for all the traits studied in the early season experiments. In the early season planting, vine length varied significantly from 18.41 cm for 'Royal F1' to 299.72 cm for 'Ashely'. The highest number of branches was observed in 'Beit Alpha' which was significantly (p<0.05) higher than the other genotypes except 'Ashely', 'Straight 8', 'Sumter' and 'Centriolo'. 'Sumter' gave the highest number of leaves, followed by 'Ashely' and 'Centriolo' while the least number of leaves occurred in 'MarketMore 76'. 'Sumter' gave the highest leaf area that was significantly (p<0.05) higher than the other genotypes with the exception of 'Regal' and 'Ashely'. VL8WAP=Vine length at 8 weeks after planting (cm), LA8WAP=Leaf area at 8 weeks after planting (cm 2 ), NoB8WAP=Number of branches at 8 weeks after planting, NoL8WAP=Number of leaves at 8 weeks after planting, DMFI=Days to male flower initiation, DFFI=Days to female flower initiation, D50%MF=Days to 50% male flowering, D50%FF=Days to 50% female flowering, NoPFPP=Number of pistillate flower per plant, NoSFPP=Number of staminate flower per plant, FG=Fruit Girth (cm), FL=Fruit length (cm), FWPP=Fruit weight per plant (kg), AFW=Average fruit weight (kg), NoFPP=Number of fruit per plant, TFY/Ha=Total fruit yield per hectare (tons/ha) 'Beit Alpha', 'Ashely' and 'Regal' each recorded the lowest number of days to male flower initiation. Also, 'Beit Alpha', 'Ashely', 'Regal' and 'Sumter' gave the lowest number of days to female flower initiation. The least days to 50% male flowering was observed in 'Regal' which was statistically the same with 'Ashely', 'Beit Alpha', 'Straight 8' and 'Sumter' but significantly (p<0.05) different from the rest. The lowest number of days to 50% female flowering was recorded in 'Regal' followed by 'Ashely', 'Beit Alpha' and 'Straight 8' which were statistically the same. The highest number of staminate flower per plant was obtained from 'Sumter' which was the same statistically with 'Straight 8' but significantly (p<0.05) higher when compared to other genotypes (Table  3) . Number of pistillate flower per plant varied significantly (p<0.05) from 1.91 for 'Marketer' to 6.87 for 'Straight 8' which was statistically the same with 'Sumter'. The highest number of fruits per plant was recorded in 'Straight 8' which was statistically the same when compared to 'Sumter' and 'Ashely'. Fruit length of the genotypes showed significant (p<0.05) differences. 'Straight 8' had the highest fruit length, followed by 'Beit Alpha' and 'Ashely' which were statistically the same. The least fruit length was observed in 'MarketMore 76'. Significantly (p<0.05), highest fruit girth and fruit weight per plant were observed in the 'Straight 8'. However, the least fruit girth and fruit weight per plant were obtained in 'Delilha' and 'Royal F1' respectively. Average fruit weight was significantly (p<0.05) higher in 'Poinsett' than the rest genotypes. 'Regal' had the least average fruit weight. 'Beit Alpha' showed significantly (p<0.05) the highest total fruit yield per hectare (Table 3) .
The performance of cucumber genotypes with respect to some agronomic traits evaluated in 2014 late season planting is presented in Table 4 . The result showed a significant (p<0.05) variation among the genotypes for all the traits 88 (Table 4) . However, the least days to male and female flower initiation and days to 50% male flowering were shared between 'Ashely' and 'Beit Alpha' except in days to 50% female flowering where 'Beit Alpha' recorded the least value though statistically the same.
The combined analysis of variance of the two seasons planting showed that all the genotypes performed significantly (p<0.05) higher during the early rains in all the traits studied than the late except number of branches though higher in early season planting (Table 5) .
The result of the correlation coefficient among some agronomic traits of cucumber genotypes evaluated in early season planting is presented in Table 6 . From the correlation matrix, all the traits showed high significant (p<0.01) correlations with total fruit yield/ha. Vine length, number of branches, number of leaves, leaf area, number of staminate flower per plant, number of pistillate flower per plant, number of fruits per plant, fruit length, fruit girth, and fruit weight per plant gave positive correlation with total fruit yield while days to male and female flower initiation, days to 50% male and female flowering were negatively correlated with total fruit yield and the rest traits. Similar result was obtained in the late rainy season planting (Table 7) .
The results of the path coefficient analysis of some agronomic traits in cucumber genotypes evaluated in 2014 early and late rainy season planting are presented in Table  8 .
In both planting seasons; vine length, number of staminate flower per plant, number of fruit per plant and fruit weight per plant had positive direct effects on the total fruit yield/ha. Also, number of branches, number of leaves and number of pistillate flower per plant consistently gave negative direct effects on the total fruit yield/ha. Fruit weight per plant constantly gave the highest positive direct effect on total fruit yield/ha in both seasons while the highest negative direct effect was obtained from number of leaves in both seasons. In early season planting, the indirect effects of fruit weight per plant through vine length, days to male flower initiation, number of staminate flower per plant, number of fruit per plant and fruit girth were positive while its pathway through number of branches, number of leaves, days to female flower initiation, number of pistillate flower per plant and fruit length were negative. Similar trend was observed in the late season planting with the exception of days to female flower initiation and fruit length that gave positive indirect effects and days to male flower initiation and fruit girth that gave negative indirect effects. The residual factor obtained in both early and late seasons planting were 0.03 and 0.05 respectively (Table 8) .
Discussion
In the characterization study, the significant differences observed among the cucumber genotypes in all the attributes studied in both early and late rainy seasons planting showed that considerable variation existed in the genotypes. In early season planting, the superior performance of 'Beit Alpha', 'Straight 8', 'Ashely' and 'Sumter' in total fruit yield/ha can be attributed to their longer vines, higher numbers of branches and leaves per plant. The early activation of the reproductive phase was pivotal in translocation of the photosynthates to the sink (fruit) thereby increasing the fruit yield (Sonia et al., 2014) . The absence of high number of fruits by 'Poinsett' in 89 VL8WAP=Vine length at 8 weeks after planting (cm), LA8WAP=Leaf area at 8 weeks after planting (cm 2 ), NoB8WAP=Number of branches at 8 weeks after planting, NoL8WAP=Number of leaves at 8 weeks after planting, DMFI=Days to male flower initiation, DFFI=Days to female flower initiation, D50%MF=Days to 50% male flowering, D50%FF=Days to 50% female flowering, NoPFPP=Number of pistillate flower per plant, NoSFPP=Number of staminate flower per plant, FG=Fruit Girth (cm), FL=Fruit length (cm), FWPP=Fruit weight per plant (kg), AFW=Average fruit weight (kg), NoFPP=Number of fruit per plant, TFY/Ha=Total fruit yield per hectare (tons/ha) the early season planting may be responsible for high average fruit weight obtained as most assimilates were deposited into fewer sinks. In the late season planting, 'Ashely', 'Sumter' and 'Beit Alpha' maintained their superior performance in most of the traits studied including total fruit yield/ha. This findings aligned with Gichimu et al. (2008) where high vine length, number of branches and leaves have been shown to produce higher yields than those with fewer branches in watermelon.
The consistent superior performance of these genotypes across environments is an indication to their genetic makeup. Their ability to perform well in a new environment showed little environmental influence. Yield is a complex quantitative trait, considerably affected by environment; therefore, selection of genotypes based on yield per se is not effective (Cetin et al., 2009) . Hence, selecting for yield components would reduce the environmental influence on the yield (Uguru, 1995) .
Correlation of particular traits with other traits and with yield is important in indirect selection of genotypes for yield improvement (Machikowa and Laosuwan, 2011) . Significant and positive correlation between two characters suggests that these characters can be improved simultaneously in a selection programme (Hayes et al., 1955; Fayeun et al., 2012) . This is because it shows mutual relationship among characters and selection for one will translate to selection and improvement of the other (Fayeun et al., 2012) . The result in both seasons indicated that all the traits except days to flower appearances correlated positively with total fruit yield/ha. This implies that selection for such traits would result to higher total fruit yield per hectare. This is in agreement with those of Islam et al. (1993) and Cramer and Wehner (2000) who reported significant positive correlation between these traits and yield in cucumber. Negative correlations between all the days to flower appearances and fruit yield suggest earliness or lateness to flower initiation and fruit maturity which would have an inverse effect on yield (Cramer and Wehner, 2000) . Ramirez et al. (1988) and Afangideh et al. (2005) also observed significant positive correlations between number of fruits/plant, stem length and total fruit yield/ha in cucumber. A strong positive and significant relationship between number of fruit/plant, fruit diameter and flesh thickness and total fruit yield/ha have also been reported in cucumber (Ullah et al., 2012) . Negative correlation between days to flower appearances and total fruit yield per hectare in both seasons showed that high fruit yield was a function of least number of days to flower appearance which resulted to earliness in fruit maturity. The finding is in line with those of Afangideh and Uyoh (2007) and Ogbodo et al. (2010) on cucumber. Number of fruits per plant and fruit weight showed significant and positive correlation with total fruit yield. The finding is in consonance with results of Golabadi et al. (2013) in their studies on determining relationships between different horticultural traits in Cucumis sativus L. genotypes.
Basing selection decision on correlation coefficient alone may give a misleading impression as it only measures the degree of mutual association between two variables without regard to causation. This is because there is the risk of omitting some useful traits whose contributions through other traits might not be easily appreciated. It is important to measure the mutual relationship between various plant attributes and determine the component characters, on which selection procedure can be based for direct and indirect genetic improvement of crop yield (Hassan et al., 2013) . In the present study, in both early and late rainy seasons planting, fruit weight/plant exerted the highest direct effect on total fruit yield/ha. It suggests therefore, that, this trait (fruit weight/plant) is the most important trait contributing to variability in yield improvement. Similar result had been reported by Nwofia et al. (2015) in cucumber. However, in both seasons planting; vine length, number of staminate flower per plant, number of fruit per plant and fruit weight per plant had positive direct effects on the total fruit yield/ha. It shows that increase in yield may depend solely on direct selection of these traits. Also, number of branches, number of leaves and number of pistillate flower per plant consistently gave negative direct effects on the total fruit yield/ha. It gives an indication that direct selection of these traits may not increase yield. Hence, selection for these traits must be done indirectly via fruit weight/plant (Ndukauba et al., 2015) . Uguru (1996) and Nwofia et al. (2015) opined that it is an indication that the traits have appreciable value despite the negative direct effects recorded. The residual factors which determine the extent to which the casual factors have explained the variability in fruit yield were low and observed to be 0.030 and 0.052 in early and late season plantings respectively. This is an indication that 97% and 95% of the total variability in total fruit yield/ha had been sufficiently accounted for by the traits that were used in the path analysis in both season plantings. Comparable residual factors had been reported in cucumber .
